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54) DEVICE FOR STARTING CYLINDER INJECTION TYPE INTERNAL COMBUSTION ENGINE 

57)Abstract: 

PROBLEM TO BE SOLVED: To start a cylinder injection type internal MpJ^^ ^ 



combustion engine without usual cranking and prevent the occurrence of 
misfire. 

SOLUTION: This starting device detects a cylinder in the process of an 
expansion stroke in accordance with signals from a crank angle sensor 10 
and a cam angle sensor 12 when the operation of the engine 1 is stopped 
and then injects a fuel from a fuel injection valve 4 to the expansion 
cylinder when the engine 1 is started. Then, sparking is performed after 
sufficient vaporization of the fuel followed by the passage of a preset 
delay time, ensuring ignition (explosion). After ignition, a crank shaft is 
rotated only by combustion pressure. Thus, the start of the engine 1 is 
completed without cranking with a starter 1 4. 
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LAIMS 



31aim(s)] 

Claim 1] The cylinder-injection-of-fuel type internal combustion engine which can inject direct fuel to the combustion 
hamber characterized by providing the following. A cylinder detection means to detect the cylinder which is in an 
xpansion stroke after operation of the aforementioned internal combustion engine has stopped. Injection control 
neans which inject fuel in the cylinder which is in the aforementioned expansion stroke according to the 
redetermined starting signal over the aforementioned internal combustion engine. An ignition control means to light 
o the cylinder which is in the aforementioned expansion stroke when a predetermined time delay passes after injection 
}f the fuel by the aforementioned injection control means. 

[Claim 2] Starting system of the cylinder-injection-of-fuel type internal combustion engine according to claim 1 
characterized by providing further the adjustable valve timing mechanism which makes adjustable the valve-opening 
stage of the exhaust valve of the aforementioned internal combustion engine, and the valve-opening control means 
which control the operation of the aforementioned adjustable valve timing mechanism to delay the valve-opening stage 
of the aforementioned exhaust valve about the cylinder which is in the aforementioned expansion stroke at least. 
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ETAILED DESCRIPTION 



Detailed Description of the Invention] 
3001] 

ITie technical field to which invention belongs] this invention relates to the starting system suitable for starting a 

ylinder-injection-of-fuel type internal combustion engine. 

0002] 

Description of the Prior Art] As technology about starting of this kind of cylinder-injection-of-fuel type internal 
combustion engine, the start method of the internal combustion engine indicated by JP,1 1-1 593 74, A, for example is 
nentioned. This well-known start method enables starting without a starter by injecting fuel to the combustion 
chamber which has taken expansion (work) distance on the occasion of starting of an internal combustion engine, and 
making it light it. 
[0003] 

[Problem(s) to be Solved by the Invention] However, by the well-known start method mentioned above, since the time 
to the ignition after fuel injection is not specified at all, it is possible that ignition will be performed in the state where 
the injected fuel does not evaporate. In this case, there is a possibility that a flame failure may arise and starting of an 
internal combustion engine may go wrong. So, it is difficult to guarantee starting of an internal combustion engine 
certainly by the well-known start method. 

[0004] Then, this invention offers the starting system of the cylinder-injection-of-fuel type internal combustion engine 

which prevents a flame failure and enables positive starting. 

[0005] 

[Means for Solving the Problem] Starting system (claim 1) of the cylinder-injection-of-fuel type internal combustion 
engine of this invention should be lit, after detecting the cylinder in an expansion stroke after operation of an internal 
combustion engine has stopped, and injecting fuel in the cylinder in an expansion stroke according to a predetermined 
starting signal and the predetermined time delay passed, and it shall have started the internal combustion engine. 
[0006] Since according to the starting system of this invention evaporation of fuel will be promoted by the combustion 
chamber by the time a time delay passes after injection, ignition becomes certainly possible by subsequent ignition. In 
addition, a setup of a time delay can carry out adjustable according to the state of the detected internal combustion 
engine, for example, a piston position, the temperature in a cylinder, fuel pressure, etc. The starting system of the 
cylinder-injection-of-fuel type internal combustion engine of this invention can be further equipped with the adjustable 
valve timing mechanism about an exhaust valve, and its valve-opening control means (claim 2), and valve-opening 
control means control an adjustable valve timing mechanism to delay the valve-opening stage of an exhaust valve 
about the cylinder which is in an expansion stroke at least. It is suppressing valve opening of an exhaust valve until the 
piston of the cylinder in an expansion stroke reaches a bottom dead point by this, and it becomes possible to promote 
efficient expansion work of combustion gas. 
[0007] 

[Embodiments of the Invention] The starting system of the cylinder-injection-of-fuel type internal combustion engine 
of this invention can take the operation gestalt as starting system of the internal combustion engine carried in vehicles. 
However, it is not the intention which limits the use of the internal combustion engine which can apply this invention 
to vehicles. If drawing 1 is referred to, the engine 1 which is a cylinder-injection-of-fuel type internal combustion 
engine is equipped with the fuel injection valve 4 which can inject direct fuel in the cylinder 2, i.e., a combustion 
chamber. Moreover, it has the layout of the in-series 4-cylinder type which sees an engine 1 with a crank angle and 
explodes at equal intervals for every 180-degreeCA, and the fuel injection valve 4 and the ignition plug 6 are formed 
for each cylinder [ every ] of the. 

[0008] Electronics control of the stage of the fuel injection and ignition to each cylinder is carried out by the electronic 



, r. i • ^«„««ivp 4 and ienition plug 6 which were mentioned above 
ontrol unit (ECU) 8, and, spedficallvj he jaCSS^iS- EL. E ' U8 ' ^ 1* """ '° f ^ 
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St. detect states, such as > vl« mechanism 26 whose change of the valve- 

0013] The engine 1 is further ?^ * e £ZS valve timing mechanism 26 carries out the variation 
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ietect the operational status of vehicles from these sensor signal, and can judge formation of the automatic-stay 
conditions of an engine 1, and automatic starting conditions based on the operational status. 
0017] For example, when a shift position has the vehicle speed neutrally by 0 and treading in to clutch pedal is 
canceled, ECU8 judges formation of automatic-stay conditions. When this automatic-stay condition is satisfied, ECU8 
stops fuel injection and ignition, and stops an engine 1 automatically. On the other hand, if treading in to clutch pedal 
is detected after automatic stay of an engine 1, formation of automatic starting conditions can be judged in preparation 
for start of vehicles. 

[0018] ECU8 can perform starting control of an engine 1 along with a predetermined control program, if a starting 

signal is formed based on each starting conditions mentioned above. 

[0019] 

[Example] The concrete example is given to below and starting control of the engine 1 by ECU8 is explained. The 
concrete composition of others concerning the starting system of this invention also becomes clear through the 
following explanation again. Draw ing 2 shows the flow chart of the starting control routine which ECU8 should 
perform, and ECU8 performs starting control of an engine 1 in the procedure in alignment with this flow. 
[0020] First, when it judges whether the rotational speed of an engine 1 became below the predetermined value NeO 
(for example, 30rpm, min-1) in Step SI and this judgment is materialized (Yes), ECU8 regards it as what the engine 1 
stopped, and progresses to Step S2. In [ when an operator turns OFF an ignition switch ] formation of the automatic- 
stay conditions mentioned above, a halt of this engine 1 is performed. 

[0021] At Step S2, ECU8 judges whether the predetermined timer after injection has stopped the count (=0). Since 
timer counted value is 0 if the timer after injection is not operating after a halt of an engine 1 (Y es), it progresses to the 
following step S3. In addition, each of after [ this injection ] timers and timers after ignition mentioned later can be 
incorporated in ECU8, and it has the function which counts elapsed time with the starting. 

[0022] At Step S3, ECU8 judges whether the starting conditions of an engine 1 were satisfied, if it is not materialized, 
carries out the return of the control routine, and repeats and performs the above-mentioned procedure. When the 
starting conditions of an engine 1 are satisfied at Step S3 (Yes), ECU8 orders it fuel injection to the cylinder which has 
stopped by the expansion stroke based on the starting signal which progressed to step S4 and was mentioned above, 
and it starts the operation of the timer after injection at Step S5 continuously. Since ECU8 has detected the cylinder 
which is already in an expansion stroke at this time, an injection pulse signal is outputted to the fuel injection valve 4 
corresponding to the cylinder, and fuel is injected in a combustion chamber 2 from the corresponding fuel injection 
valve 4 (injection control means). More preferably, ECU8 can calculate the air content in a cylinder correctly from the 
detected piston position, and can carry out metering of the fuel which should be injected appropriately. In addition, 
according to an artificer's etc. verification, the air-fuel ratio in this case is made desirable [ setting about to 14 ]. 
[0023] although ECU8 judges whether the predetermined time passed after ignition at the following step S6, since it is 
not yet lighting at this time (No) - the return of the control routine is carried out as it is Then, if ECU8 returns to 
Step S2, since the injection timer has already operated, it will progress to step S9 from Step S2. In step S9, ECU8 
judges whether the predetermined time delay passed after injection of fuel. ECU8 repeats and carries out the return of 
the control routine noting that the evaporation of fuel of (No) is inadequate after this time delay injects fuel until it can 
set up as a duration for ensuring the evaporation and progress of this time delay is checked. Preferably, a time delay 
can be changed according to the output of a state detection means. For example, when the temperature in a cylinder is 
high, since it is easy to evaporate fuel, a time delay is set up short, and since it is hard to evaporate fuel to a low case, 
the temperature in a cylinder sets up a time delay for a long time conversely. 

[0024] If progress of a time delay is checked by step S9 (Y es), fuel will progress to Step S10 as what was fully 
evaporated, and it will judge whether ignition was performed or not from the counted value of the timer after ignition. 
At this time, it is counted value =0, and since it can be judged as ignition before, ECU8 progresses to Step SI 1 , and 
orders it ignition. These instructions are made to the cylinder in the expansion stroke which already injected fuel, and 
an ignition signal is specifically outputted to an ignition plug 6 (ignition control means). In addition, if it takes into 
consideration that cylinder internal pressure is falling by the shutdown of an engine 1, in order to secure sufficient heat 
energy for ignition at this time, it is desirable to perform multiplex ignition. 

[0025] Next, it judges whether ECU8 started the operation of the timer after ignition at Step SI 2, it progressed to Step 
S6, and the predetermined time passed after ignition. (No) and ECU8 carry out the return of the control routine, bypass 
Steps S 1 1 and S 1 2, and repeat judgment of Step S6 until this predetermined time passes (Step S 1 0= No). If it judges 
that the predetermined time passed after ignition, ECU8 will judge whether the engine speed is over the predetermined 
value Nes at Step S7. This predetermined value Nes is set up as a threshold forjudging whether starting of an engine 1 
was successful, and it judges as that whose starting state is a success if the rotational speed of an engine 1 is over this 
predetermined value Nes, and on the other hand, if ECU8 is below the predetermined value Nes, it will judge it as what 



has an imperfect starting state. 
>f[0026] In addition, although not clearly shown by the flow chart of drawing 2 , if a piston 20 begins to move after 
ordering it ignition at Step SI 1, ECU8 will order it fuel injection also about the cylinder which is in a compression 
stroke then, and will order it ignition further in the top dead center. An engine 1 starts without high-order detonation 
taking place in the cylinder which suited the compression stroke, and performing the usual cranking by this, at the time 
of a halt of an engine 1 . 

[0027] On the other hand, as a result of judging a starting state at Step S7, when starting is imperfect, (No) and ECU8 
progress to Step S8, and operate a starter 14. Processing of this step S8 is set up for the starting failsafe, and, so, Step 
S8 and the starter 14 of a control routine do not necessarily need to be prepared in this invention. 
[0028] Then, when an engine 1 starts and rotational speed exceeds the predetermined value Nes, ECU8 resets various 
kinds of timers which shifted to Step S13 and were mentioned above from Step SI, respectively, and ends execution of 
a starting control routine. Since it lights after injecting fuel by execution of the starting control routine mentioned 
above to the cylinder which has stopped by the expansion stroke, and the evaporation is fully promoted, the situation 
which causes a flame failure at the time of starting is prevented certainly. Moreover, if judgment processing of Step S8 
is prepared in the starting control routine, since the starting failsafe of an engine 1 will also be promised like this 
example, sense of security can be given to the operator of vehicles. 

[0029] Moreover, if the valve-opening time of an exhaust valve 24 is beforehand set to the angle-of-delay side, while 
the piston 20 is depressed by the expansion stroke as mentioned above, an exhaust valve 24 can be closed, and the 
sudden fall of the combustion pressure in the inside of the expansion stroke is prevented. Efficient expansion work of 
combustion gas can be promoted by this, and it can contribute to a success of starting only by the combustion pressure 
greatly. 

[0030] The starting control routine of the example mentioned above may change a control program in the mode which 
can secure, a time delay, i.e., the evaporation time, until it is also possible to rewrite each step of the suitably and to 
perform it and it lights after fuel injection. Moreover, the cylinder-injection-of-fuel type internal combustion engine 
which can apply this invention may not be restricted to the in-series 4-cylinder type engine 1 of 1 operation form, but 
may have other cylinder layouts, and may be a single-cylinder type. In addition, it cannot be overemphasized that 
replacement is suitably possible in the composition of a concrete member or parts about the operation form of this 
invention. 
[0031] 

[Effect of the Invention] When putting an internal combustion engine into operation, without performing cranking, the 
starting system (claim 1) of the cylinder-injection-of-fuel type internal combustion engine of this invention enables 
positive ignition of fuel, and can guarantee the positive startability. Moreover, if the starting system of this invention 
includes the composition about valve-opening control (claim 2), starting of an internal combustion engine can be 
rationally assisted by the work. 
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[0 0 18] ECU811 ±J£LfcftJMft*ftK*"J^ 

tx>-7> 1 ©»«ttii**ff'rft:: t*«T*s. 

[0 0 19] 

[Hffi{»J] STFfc, *©**«fcJ»g«£*tfTECU 
8K**X>5?>l©»ft«»fc-3HT«m-*. Sfc 
&T©IM3*aUT, *5gW©S6«lStt{^5*©ffi© 

H2». ECU8*t 

L/. ECU8ttCC7D-C»ofef tfl>7> 1(0 
&Wflill$P£!lfT-rSo 
[0 0 2 0] 5tT. ECU8tt7x>yyS ltriJV^TX 
>S?>l©B1Ea«*«0fttllNeo (MX.IS3 Orpn, mi 

(Yes) fix>i?>l*tffihUfc%)©t*a:L 
T7xy7S 2K*tr. £©X>-7>l©f?ibt3u WZ. 

±jSi/fce»ffit*fl : ©fEa©«^»cfft)n*. 

[0 0 2 1] Xf77S27?ll ECU8«BfJE©fl«t 



(4) 



#§82 0 0 2-4 9 2 9 



&*-f h£#it (=0) l,T^S)&>5#*« 

WtZ>. X>v>l©#±&K«»&^V;W»jUT 
t^t^fi^-f ■7*^>h®ttOT*-5fc* (Ye 

[0 0 2 2] ^yS3m ECU8ttI>v>l 
©&»&##*££ L & W U £ 4 U T I- 

ft tf Mffjk-^ > * 'J * - > UT±C©^ JH ft* D 31 1, 
*firT3. Xf'y/S 3TX>i?> l ©j&Kj&ttj&tjBfeiC 
(Yes) . ECU8ttX5rs»:/S4Kj!*, 

«^-fV©fH»*BBJfif*. uOtt, ECU 8 ttttfc 
«WtSK»S««S*W1LT^<5©T. *■©»«£# 
J^4**Mlt#4fci*»/W*«*«Hjau »|gf 
**<WW#4*6M5*jsa[2rtKM»3jit«WSft* (ft 
WlBH^a) . <tO»*L<«. ECU8ttfcHJL&K 

xh>tt«^6«rt<o2a«sjEflHc*». *©*arr 

#*©MEK«fcfttt. C©»^<OSaitttt«Atfl 4Jfi 

[0 0 2 3] JJcO^y-y^S 6tit ECU8«j£*& 

«*£A*£fToT^ft<r*fcJ& (No) . -£-©££fWffll 
JU-^>Sr'J^->T?><. £©&, ECU8#7fy^ 

y^S2*>6^5r5»^S9fc3ttJ. Xry^S 9Ttt. 
E C U 8 tt&®©«l*«£ffi£©«MI$r,3Ati!IfflLfcj4> 
S^SWKT*. £©j§MB#fH LfcSL * 

o) ft. *S»©ftft*»^*»T*«tl/TECU8HIB 

%t (Yes) , mntfltft tCStffc L£ *> © «h UTXx 

v©*<i7>hfit^6. J PJ»frs. C©IMn?tt*9>MI 
-OT*?Tj^tt&fflffT*«fr&. ECU8HXf 
v7Sl lfc»A/rA**»*T*. d©#frtt, 

4K8Cf2A*&6 C#UTjflti«cflH»«»tBASn« (A* 
*W^S> . ft*. X >v>l ©gigffit.it tC«tO if F*j/£ 



[0 0 2 5]*!^, ECU8l*X?9:/S12Tj&jMI 

j^ji-r^ST (No) , ECU8ttW»JW-?->ftU^ 
— >U ^T7^S11, S 1 2Sr2@L/TX-r^7 p S 
6©«KS^«)jg-r Uf'^S 1 0=No) „ A** 
fcBf«»Hl3&»||jlUfctW»frft ECU 8 liXyy 
7T?X>5?>ErtEa«*«0r3t#N e s *«A.Tlr>6 
36*5*>*W»-r*. w©Bf^ffiN e s tt, Wtfl>? 
> 1 l/fc)8»S)8»*W>trsfc»&©HHit u 

T^SnTiJD, ECU8ttX>5?>l©|3lEjgSA* 
^©Rif^MNe s *«AT^n«Wi»ttI8*«|«?»T** 
t>©£l/T«JfcU Bf£*N e s £tT"C*ft«J& 

■Mflfc&«*$£±"C* 5 *>© i -5. 
[0 0 2 6] £43, H2©7D-^-hKittW«Sn 

fc^tctfxh>2 o*5»^ai-r<b, *©£*Ea»fT8K 
>if^nv z. ttji < x> v> i at&Krf 

[0 0 2 7] 7f«^S7tTJMI«B4fKL 
fc&m. !iSimfT*^fc«& (No) . ECU 8 
8 ICjtA^TT.*-^ 1 4 £f£»j$-fr£«, d 
©Xxy^S 8©ftL31tt^i!i7x^;Hr-7©fc*fca 

*&7s9-9 1 4«#§gB)3l;:;fcvvT&rU 1 l>Stt£ftT 

[0 0 2 8] Jl©«. X>5?>l3j«Aft»UT0tejSK*« 
f^MNe s£jgx.fe<i:#«. ECU8«Xf-y7S 1 
*Wf^S 1 3t«ffUT±J£Ufcfta©^'fVt 
t*«fhUt»bU «MWWlW--'x>©*fr*|*TT 
3. J^UfcJAIWMW— ^>©*fffcj;D. &36?rg 

fl:**3t»tffiaia*tTa>6j«j»c*ff3©T, MMmtzA 

**«<1H»a«*te:|»ifc£ftS. Sfc**igt»J©J:5 

®J&$nz<D?. *H©3t(E#t:K-6«*4il*c:4:*« 
[0 0 2 9] *fc±J£©±5fc. ^»#**2 4©W# 

2 OWUTtf 6*lTl»*IBB»»p2 4*B#UT* 
<utm, ^©^fiffS^TO^EC^^fST^ 

Ritsna. dnicio, m«h^^©%w«ks{1:V 

*ffi«UT. «*EE^tC«t*«i»©JSS?bC*#<*4F- 

[0030] ±mLtzmffim<Dit!$W)Mffl)v-?>u, * 



(5) 



^§82002-4929 



ASr^SLTfeiUo Sit. **9iSa;flT*S«|*3* 

ttmftmmmit. -*«»»®Bai4«t(gx>$?>i 

[0 0 3 1] 

[01] 

*mutnr* 1 

1 

m&m — i 




M©ffi#£Si$] 

[02] *»W©»ft«i«C«tD-HaS«i:LT*ffS 
[«W©MH] 

1 X>v> 

2 ftftg 

4 mum* 
6 &>x& 

8 ifffllaz^h (ECU) 

1 0 £5>£&-fe>-t>- 

1 2 *A&-fe>U- 

2 4 

2 6 Ht;^j"f S>*»* 



[02] 




7P>b^-v J ©)^# 



(51) Int. CI. 7 

F0 2D 41/06 
F 0 2 N 1 1/08 



mam 

3 3 5 



F I 

F0 2D 41/06 
F0 2N 11/08 



T-73-K (#%) 

3 3 5 Z 
F 



(6) 



^182 0 0 2-4 9 2 9 



F 0 2 P 5/15 

9/00 3 0 5 

F*-A(##) 3G019 AA05 AA09 AB03 AC01 AC10 
BB19 DA07 GAOO GA01 GA10 
3G022 CA01 DA06 GA01 
3G084 BA15 BA17 BA23 FAOO FA38 
3G092 AA11 AC03 BA08 BB01 DA02 
DE01S EA04 EA14 EA16 
EA17 FA32 GA01 GA10 HE03Z 
HE05Z HF13Z HF15Z HF21Z 
3G301 HA01 HA04 HA06 JA23 KA01 
KA28 LAOO LB04 MA 18 NE22 
PB08Z PCOOZ PE03Z PE05Z 
PF16Z 



F 0 2 P 9/00 
5/15 



3 0 5A 
E 



